INTRODUCTION
Representing the entire genome of an organism on DNA microarrays rather than the coding regions only is prerequisite to various functional analyses, such as chromatin immunoprecipitation experiments (1) . But even for transcriptional profiling analyses, it could be advantageous, since a comprehensive coverage would by definition represent a complete and normalized gene repertoire irrespective of the status of sequence annotation. In order to produce a genomic tiling path, typically, a large set of PCR primers is designed on the basis of the genome sequence. A recent publication (2) reports on experiments performed on a relatively small set of such fragments that represent in total about 3 Mb of the Drosophila chromosomes 2 and 3. However, this approach is rather time-consuming and expensive. For coverage of the entire 115-Mb Drosophila sequence with 3-kb non-overlapping fragments, more than 76,000 primer molecules would be needed. Alternatively, the very DNA fragments on which the sequencing process was performed could be utilized to such an end. Since usually shotgun clones form the basis of large-scale sequencing projects, all fragments could be readily amplified with a single primer pair, thus creating enormous savings in time and expense. Slightly disadvantageous is the fact that the fragments cannot be placed end-to-end, but would overlap in part. Thus, slightly more fragments would be needed to cover a genome. However, a certain degree of redundancy in coverage may prove to be beneficial for analytical purposes. Adopting the latter strategy, we set out to cover the genome of Drosophila melanogaster by selecting a minimal tiling path across the entire genome from the bacterial artificial chromosome (BAC)-based subclone libraries used in the sequencing project (3).
MATERIALS AND METHODS

Clone Selection
Based on the sequencing data, a minimal tiling path was calculated for each subclone contig. This was accomplished by construction of a directed acyclic graph for every contig. Within this graph, each clone is represented by a vertex, and the set of vertices within the contig is called V. An edge between two vertices is introduced whenever two clones overlap. The set of edges is defined by E = [(v 1 ,v 2 ) | v 2 overlaps v 1, start(v 1 ) <= start(v 2 )]. Each edge is denoted by a distance. We followed two different approaches, allowing us to minimize either the total number of clones or the overlap between clones. For the former, a constant number is assigned to each edge as distance; for the latter, the degree of overall overlap is taken as measure. Seeking the shortest path between the first and the last clone will deliver the desired minimal tiling path. Several solutions for the shortest path problem exist. We chose the Dijkstra algorithm (4). For the actual calculation, we used C++ with the extension of the Graph Template Library (GTL) by Forster and colleagues (http://infosun.fmi.uni-passau.de/GTL/), which includes an implementation of the shortest path algorithm.
PCR Amplification
PCR amplification of the clone inserts was done in 96-well plates. Each 50-μL reaction contained 0.2 μM each of T7 and PM001 primers, 50 μM each of the four deoxynucleotide triphosphates, and 0.02 U Taq DNA polymerase (Qiagen, Hilden, Germany) in buffer provided by the enzyme supplier (1.5 mM MgCl 2 ). Plasmid DNA was added by transferring with a 96-pin tool a small amount of bacterial suspension from the library growth plates. The reactions were incubated at 94°C for 2 min, followed by 10 cycles of denaturation at 94°C for 10 s, annealing at 60°C for 30 s, and elongation at 68°C for 3 min. In another 20 cycles, the elongation time was prolonged by 10 s per cycle. Finally a final 7-min elongation step was performed at 68°C. Run on agarose gels, the average insert size was found to be 3.4 kb with a standard deviation of 0.43 kb.
RESULTS AND DISCUSSION
Of the libraries used in the sequencing project, about 320,000 shotgun clones for chromosomes X(12-20), 2R, 2L, 3R, and 4 were still available at Lawrence Berkeley National Laboratory (Berkeley, CA, USA). The clones used for sequencing in the other centers involved in the sequenc- ing project-sublibraries covering regions 1-11 of chromosome X and all of the left arm of chromosome 3 as well as a global shotgun library-had been destroyed prior to the start of this initiative. To construct the tiling path, we initially determined the sequence positions of the subclones within the regions that are defined by 638 BAC clones (5). This included not only subclones, which had been produced from the respective BAC, but also subclones derived from P1 clones generated during an earlier phase of the sequencing project. The D. melanogaster chromosome arms of euchromatic sequence Release 3 (6) had been constructed by joining the individual sequences that represent the BAC clone inserts. As a result, the location of each BAC within an arm is known precisely. As a control, we compared the distance of the BAC end sequences within the genomic sequence and the actual length of each BAC insert used in our analysis. On the template of overlapping BAC sequences, the position of the shotgun clones was extracted from the Phrap sequence assembly, thus defining the start and end of each subclone insert. Subsequently, overlapping subclones were combined into contigs. Because of both unfinished BACs and missing shotgun clones, however, 2641 gaps remained in addition to the absent X(1-11) and 3L areas (Figure 1 ). These gaps could not be filled with 2-kb clones from the whole genome shotgun approach, since these clones were not available either.
Since the tiling path is based on randomly produced fragments, there is bound to be some overlap between them. However, as known from earlier analyses (e.g., References 2 and 7), this is rather an advantage (e.g., increasing resolution and providing some degree of redundancy). In the selection process of a minimal path, minimizing the degree of overlap between clones on 2L gave rise to 1.1% more clones, whereas aiming at a minimal total of clones resulted in 39.2% more overlap. This is due to the variation in clone lengths. Thus, the clone with the least overlap might be shorter than another clone, which spans further. Analyses on the other arms led to similar results. As the overlap-optimized path has only a small percentage of additional clones, we decided to base our minimal tiling path on this selection process, resulting in a set of 25,135 clones. In Figure 1 , the coverage of the chromo- We performed PCR amplifications of clone inserts at two sites independently. Even without addition of a proofreading polymerase, the success rate of amplification was 93%. This is similar to results obtained with primers that produced from genomic DNA template exon-specific PCR products of 300 to 500 bp in length (8) and in agreement with experiences made on shotgun clone libraries, which were used to produce genomic microarrays for other organisms, such as Pseudomonas putida (7) . To ensure proper tracking of genomic clones during rearraying, each PCR product was compared to the known size of the genomic clone insert. In addition, the identity of several randomly picked clones was confirmed by resequencing.
The 25,135 clones that make up the minimal tiling path covering the Drosophila genome, with the exception of the 3L and X(1-11) regions, will be a valuable tool for functional analyses in Drosophila and especially so in combination with other genome-wide tools such as a comprehensive RNA interference (RNAi) library (9) . The clone inserts can be produced by standard PCR amplification and would be suitable for arraying onto a single microscopic slide. Overall coverage is 85.3%. Taking into account also X(1-11) and 3L, this value drops to 67%. Thus, two thirds of the entire genome is available in short and defined fragments made from the very DNA used for sequencing.
As for Drosophila, other ongoing genome projects could create an added value by extending the use of their shotgun clone libraries beyond sequencing to the selection and distribution of a minimal tiling path. Thereby, the entire sequence would be available not only as an electronic file but also be accessible physically. Still the majority of clones used in sequencing can be discarded eventually, with freezer space frequently being a limiting factor. As an extention from studies of individual genomes, the approach of using sequencing shotgun clones for subsequent analyses would also allow the global transcriptional analysis of metagenomes (e.g., picking only fragments of unique sequence) (10) . Since the majority of sequence would be from microbial organisms, it would mostly consist of coding sequence.
The library of the D. melanogaster minimal tiling path reported here will be distributed in microtiter plates to interested parties by the laboratories involved in this study.
